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The aim of the present contribution is to investigate the effect of
differences in bed elevation of the tributary and main channel in a
90°angled open-channel confluence onto the hydrodynamics. Large
Eddy Simulations (LES) are used to investigate the three-dimensional
complex flow patterns for four different bed discordance ratios (Fig. 3
and Fig. 4). Since in a LES the flow and turbulence are for the most part
resolved (Fig. 5), it enables a thorough study of the hydrodynamics in an
open-channel confluence, of which the understanding of the physical
phenomena occurring in natural confluences will benefit. The four
geometries were previously studied by other authors (Schumate &
Weber, 1998 and Ðorđevic 2013), whose data will be used for validation
(Fig. 6) and comparison purposes (Fig. 7, Fig. 8 and Fig. 9).
Open-channel confluences are characterized by complex hydrodynamic
conditions usually associated with the convergence of separate rivers
(Fig. 1) or canals.
1. For higher ΔzT/hd values (ΔzT/hd > 0.25), structure of the recirculation
zone is reduced or even destroyed close to the free surface;
2. The greater the difference ΔzT, the greater the recirculation zone size
reduction;
3. Bed discordance yields increases of turbulent kinetic energy up to
100–150%, compared to the concordant bed case.
4. The flow angle δ decreases with the increasing difference in bed
elevations.
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Discussion
Regarding the time-averaged values, LES results produce similar results
to RANS simulations by Ðorđevic (2013). LES provide a deeper
understanding of the flow features in the confluence zone.
From Fig. 12, it is noticeable that some differences in the flow features
differ from the concordant to a discordant case. Besides the changes in
the recirculation zone already perceived in Fig. 9, a flow under the
recirculation zone is visible.
Further studies aim at the development of a conceptual model for
discordant bed cases, similar to the one in Fig. 2 for the concordant bed
case.
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Bathymetric surveys
in confluences often
reveal the existence
of a difference in
bed elevations
between the
tributary and main
channels in the
studied confluences
due to scour
phenomena.
Fig.1: Confluence of the rivers Indus and Zanskar (courtesy: Ravindran Rajan)
The dimensionless wall distance is in an acceptable range for the use of a
wall function (20<y+<500, Rodi et al. 2013) (Fig. 5) and the percentage of
TKE resolved on the mesh is higher than 80% (Pope, 2004) (Fig. 6).
Fig.2: Conceptual model of an open-
channel confluence with concordant 
beds (after Best,1985)
Fig.3: Numerical domain (left: plan view) and cross sections (right: 3D view) (units: meters)
Fig.4: Mesh details for one of the simulated cases (discordance ratio=0.25)
Fig.9: Recirculation zone length
and maximal variation
throughout the flow depth (top:
LES; bottom: Ðorđevic, 2013)
Fig.5: y+ values (concordant case) 
Fig.7: Comparison of velocity profiles with data from Ðorđevic 2013, as part of the verification process 
Fig.8: Mean velocity over 500 s for planes z/h=0.10 (top) and
z/h=0.75 (bottom); (left: ΔzT/hd=0; center: ΔzT /hd=0.25; right: ΔzT /hd
= 0.50)
Fig.6: Percentage of TKE resolved on the mesh (>80%)
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Fig.10: Effect of bed elevation discordance on the flow angle (left: LES; right: Ðorđevic, 2013)
Fig.11: Influence of difference in bed elevations on the cross-sectional distributions of the turbulent
kinetic energy (x/BPCC=-1.33, left: LES; right: Ðorđevic, 2013)
Fig.12: Instantaneous wall shear stress and velocity streamlines (left: ΔzT/hd=0; right: ΔzT/hd=0.25)
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Confluences feature different flow patterns
(Fig. 2) including a zone of flow stagnation at
the upstream junction corner, a shear layer
between the merging flows, twin surface-
convergent helical cells on either side of the
shear layer, and separation of flow from one
or both channel banks immediately
downstream of the confluence (Best, 1985).
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